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(54) Downhole tool using electromagnetic waves 

(57) An apparatus for obtaining resistivity readings 
of the earth sun-ounding a wellbore (32) to determine 
the downhole location of the apparatus or to generate a 
log. The apparatus comprises an electromagnetic trans- 
mitter (40) tor transmitting electromagnetic waves (42) 
into the earth. A current sensing device is electrically 
connected to the electromagnetic transmitter (40) for 
detecting the current drawn by the electromagnetic 
transmitter (40) during transmission of the electromag- 
netic waves (42). 
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Description 

[0001] This invention relates in general to downhole 
tools and, in particular to. an electromagnetic resistivity 
tool Ibr generating electromagnetic waves to determine 5 
the resistivity of the earth surrounding a wellbore. 
[0002] Although the principles of the present invention 
are applicable throughout the life of a wellbore, the 
background of the invention will be described in connec- 
tion with transmitting downhole data to the surface dur- io 
ing well logging and during the placement of downhole 
tools such as packers, perforating guns, valves and sim- 
ilar devices. 

[0003] During the drilling, completion and operation of 
a typical hydrocarbon well, various tools are placed is 
downhole for operations such as packing, perforating 
and well control. The tools may be packers, perforating 
guns, flow control devices and the like. Placing the tools 
in the correct location is a key consideration in success- 
ful well operation. Misplacement of a tool can result in 20 
multiple trips down the well to retrieve and/or reposition 
the tool in the correct location as well as repairing any 
damage to the wellbore or casing resulting from, for 
example, the discharge of a perforating gun outside of 
the desired zone. The placement of downhole tools con- 25 
sequently represents an important st^ in the comple- 
tion and operation of an oil or gas well. Therefore, from 
an economic standpoint, it is critical that the tools used 
to complete and produce a well are correctly placed. 
[0004] While a number of techniques have been uti- 30 
lized to transmit downhole data such as temperatures, 
pressures and the like to the surface, these methods 
have not been exploited in connection with downhole 
logging and tool placement In particular, one technique 
utilized to telemeter downhole data to an operator on 35 
the surface is based upon the generation and propaga- 
tion of electromagnetic waves. Electromagnetic waves 
may be produced by inducing an axial current into, for 
example, the production casing or drill string. The axi- 
ally induced cun'ent produces electromagnetic waves 40 
including an electric field and a magnetic field, formed 
at right angles to each other. The axial current 
impressed on the casing or drill string is modulated with 
data causing the electric and magnetic fields to expand 
and collapse, creating a means by which data may be 45 
propagated and intercepted by a receiving system. The 
receiving system is typically positioned at ground level 
or, in the case of offshore operations, at the sea floor, 
where the electromagnetic signal is picked up and 
recorded. so 
[0005] The intensity of the electromagnetic signal at a 
given distance from the telemetry tool is directly related 
to the distance of transmission, the characteristics of 
the media through which the signal is propagated and 
other factors. The intensity of electromagnetic waves ss 
transmitted through the earth strata is dependent upon 
the skin depth (6) of the media through which the elec- 
tromagnetic waves travel. Skin depth is defined as the 
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distance at which the power from a downhole signal will 
attenuate by a factor of 8.69 db. (approximately seven 
times decrease from the initial power input), and is pri- 
marily dependent upon the frequency (f) of the trans- 
mission and the conductivity (a) of the media through 
which the electromagnetic waves are propagating. For 
example, at a frequency of 10 Hz, and a conductance of 
1 mho/meter (1 ohmmeter). the skin depth would be 1 59 
m (522 feet). Therefore, for each 522 feet (159 m) in a 
consistent 1 mho/meter media, an 8.69 db loss occurs. 
Skin depth may be calculated using the following equa- 
tion. 

Skin Depth = 6 = 1/V (ni\iG) where: 

71 = 3.1417: 

f = frequency (Hz); 

\L = permeability (4n x 10^); and 

a = conductance (mhos/meter) 

[0006] As should be apparent, the higher the conduct- 
ance of the media through which the electromagnetic 
waves are propagated, the lower the frequency must be 
to achieve the same transmission distance. Likewise, 
the lower the frequency, the greater the distance of 
transmission with the same amount of power. In any 
case, the current flow or current drain during the trans- 
mission is proportional to the conductivity of the media 
sunrounding the telemetry tool. Thus, the use of electro- 
magnetic telemetry provides an opportunity to meet an 
existing need for an accurate, reliable and economical 
means of determining the location of a tool in a well- 
bore. 

[0007] The present invention disclosed herein com- 
prises a downhole telemetry tool including an electro- 
magnetic transmitter for determining the location of the 
downhole tool utilizing Ultra Low Frequency ("ULF") to 
Very Low Frequency ("VLF") electromagnetic waves. 
The method and apparatus of the present Invention also 
provide for tiie generation of a resistivity log that may be 
obtained as tiie result of the natural transmission diar- 
acteristics of an electromagnetic data transmission sys- 
tem. The resistivity log may be generated when tripping 
into or out of tiie wellbore. 

[0008] Electromagnetic waves in the ULF range, 
0.0001 Hz to 20 Hz. will penetrate the earth media at a 
very great depth, resulting in a broad band resistance. 
Due to the transmission characteristics of ULF electro- 
magnetic waves, tiie load presented by the surrounding 
media and measured by the telemetry tool is not greatiy 
affected by the presence of casing which provides a 
constant load. Thus, as the apparatus and method of 
the present invention contemplate the use of ULF elec- 
tromagnetic transmissions in botii open and cased 
boreholes. 

[0009] Increasing the frequency of the electromag- 
netic waves to the VLF range, 3 Khz to 30 KHz, narrows 
the bandwidtii and provides a more definitive signal as 
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the waves propagate through the surrounding media, in 
either case, the transmission of both ULF and VLF elec- 
tromagnetrc waves results in an electrical cun'ent draw 
upon the transmitting electronics that Is inversely pro- 
portional to the resistivity of the surrounding media, thus 5 
enabling the creation of a resistivity log or the identifica- 
tion of the surrounding media based upon prior resistiv- 
ity logging of the strata through which the wellbore 
extends. Thus, the operator, by comparing real time 
readings against a previously obtained resistivity log, 10 
may set tools such as packers, perforating guns, sen- 
sors, flow control devices and the like in the desired 
zone. The operator may take ULF readings first to 
obtain a general bcatlon and then use VLF readings to 
more accurately position the particular tool. 75 

[0010] In an embodiment of the present Invention, 
each time the electromagnetic telemetry system is used 
to transmit a data stream to the surface, the load (cur- 
rent draw) on the telemetry tool is measured using a 
current sensing circuit device incorporated in the down- 20 
hole electronics unit. The measurement is stored and 
transmitted to the sur^ce with the next data transmis- 
sion. 

[0011] In the method of the present invention, the 
location of a downhole tool is determined via the eiec- 25 
tromagnetic field load placed across an electrically iso- 
lated portion of a work string. The isolated portion of the 
drill string is separated from the remainder of the string 
by a dielectric material such as an oxide resin or ther- 
moset resin, selected for its dielectric properties and 30 
capability of withstanding extrusion. 
[0012] The downhole telemetry tool of the present 
invention comprises a housing having first and second 
subassemblies that are electrically isolated from one 
another. In an embodiment, an isolation subassembly is 35 
disposed between the first and second subassemblies 
using a dielectric layer positioned between the isolation 
subassembly and both the first subassembly and the 
second subassembly. The transmitter also includes a 
mandrel that is coaxially disposed within the housing. 40 
The mandrel is electrically isolated from the first sub- 
assembly with one or more dielectric layers and is elec- 
trically coupled to the second subassembly !n an 
embodiment, the mandrel includes a first section and a 
second section which are electrically isolated from one 4S 
another by a dielectric material. 
[001 3] An important factor in measuring the electrical 
load across the gap is the length and radius of the collar, 
drill string or pipe below the gap, refened to as the elec- 
trode. The length and radius of the electrode, in combi- so 
nation with the skin depth and conductivity of the 
sun-ounding media is characterized by an impedance Z 
across the gap that is proportional to the resistivity of 
the media through which the electromagnetic wave trav- 
els. The impedance may be approximated through the 55 
use of the following equation: 

Z = -ln(FV6)/(27caL) where: 



71 = 3.1417; 
8 = skin depth; 

a = conductivity (mhos/meter); 
R s radius of the electrode; and 
L = length of the electrode. 

[0014] Thus, the conductance, or inversely, the resis- 
tivity of the media surrounding the electromagnetic 
telemetry tool may be determined. Also, by comparing 
the resistivity of the media with prior resistivity log 
records, the location of the telemetry tool can be deter- 
mined on a real time basis. The apparatus and method 
of the present invention, by comparing real time read- 
ings against previously obtained resistivity logs, enable 
the operator to set and place packers, perforating guns 
and other devices in the desired downhole location or 
zone. In addition, the apparatus and method of the 
present invention provide for real time communication 
between downhole equipment and the surface using 
electromagnetic waves to carry the information. Alterna- 
tively, the information may be telemetered to surface 
using electromagnetic or acoustical waves or via a hard- 
wired connection to a surface location. The apparatus of 
the present invention may be conveyed downhole on a 
wire line or may be configured as a tubing retrievable 
device. In either case, tiie apparatus and method of tiie 
present invention provide an economical and reliable 
means of locating downhole tools in the desired loca- 
tion, thereby minimizing the need for multiple trips to 
place tools in a wellbore. 

[001 5] According to one aspect of tiie invention there 
is provided a downhole tool comprising: an electromag- 
netic transmitter for transmitting electromagnetic waves 
into tiie earth; and a current sensing device electrically 
connected to the electromagnetic transmitter for detect- 
ing ttie cunent drawn by the electromagnetic transmitter 
during transmission of the electromagnetic waves. 
[001 6] In an embodiment, the tool f urtiier comprises a 
sample and hold circuit electrically connected to the 
current sensor for sampling tfie current drawn by tiie 
electromagnetic transmitter during transmission of tiie 
electromagnetic waves. A memory device may be elec- 
trically connected to the sample and hold circuit for stor- 
ing cun-ent draw information. 
[0017] In an embodiment, the electromagnetic waves 
generated by the electi'omagnetic transmitter carry cur- 
rent draw information that is sent to the surface. 
[0018] The frequency of the electromagnetic waves 
may be in the ultra low frequency range, or in the very 
low frequency range. 

[0019] In an embodiment, the downhole tod furtiier 
comprises: a housing having first and second sub- 
assemblies, tiie first subassembly electrically isolated 
from tiie second subassembly; and a mandrel coaxially 
disposed within the housing, the mandrel electrically 
isolated from tiie first subassembly and electrically con- 
nected to the second subassembly The electromag- 
netic transmitter may be coaxially disposed between tiie 
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housing and the niandrel. The housing may further 
include an isolation subassembly between the first and 
second subassemblies, a first dielectric layer positioned 
between the isolation subassembly and the first sub- 
assembly and a second dielectric layer positioned 5 
between the isolation subassembly and the second 
subassembly, thereby electrically Isolating the first sub- 
assembly from the second subassembly. A dielectric 
member may be positioned between the first sub- 
assembly and the mandrel, thereby electrically isolating ^0 
the first subassembly from the mandrel. 

[0020] The mandrel may further include a first section 
and a second section, the first section electrically being 
isolated from the first subassembly and from the second 
section, and the second section electrically being iso- is 
lated from the first subassembly and electrically con- 
nected to the second subassembly. A first dielectric 
member may be positioned between the first sub- 
assembly and the first section, a second dielectric mem- 
ber may be positioned between the first section and the 20 
second section and a third dielectric member may be 
positioned between the second section and the second 
subassembly, thereby electrically isolating the first sut> 
assembly from the first and second sections and electri- 
cally isolating the first section from the second section. 25 
[0021] In an embodiment, the electromagnetic trans- 
mitter further comprises a magnetically permeable 
annular core, a plurality of primary electrical conductor 
windings wrapped axially around the annular core and a 
plurality of secondary electrical conductor windings 30 
wrapped axially around the annular core. The current 
may be inputted in the plurality of primary electrical con- 
ductor windings. A current may be induced in the plural- 
ity of secondary electrical conductor windings by the 
plurality of primary electrical conductor windings, 35 
thereby generating the electromagnetic waves. 
[0022] According to another aspect of the invention 
there is provided apparatus for obtaining resistivity 
readings of the earth surrounding a wellbore compris- 
ing: an electromagnetic transmitter for transmitting elec- 40 
tromagnetic waves into the earth; and an electronics 
package electrically connected to the electromagnetic 
transmitter, the electronics package including a power 
source providing a cun^ent to the electromagnetic trans- 
mitter and a current sensing device detecting the cur- 4S 
rent drawn by the electromagnetic transmitter during 
transmission of the electromagnetic waves. 
[0023] in an emtxxliment, the electronics package fur- 
ther includes a sample and hold circuit electrically con- 
nected to the current sensor for sampling the current so 
drawn by the electromagnetic transmitter during trans- 
mission of the electromagnetic waves. The electronics 
package may further include a memory device electri- 
cally connected to the sample and hold circuit for storing 
current draw information. 55 
[0024] In an embodiment, the electromagnetic waves 
generated by the electromagnetic transmitter carry cur- 
rent draw information that is sent to the surface. 



[0025] The frequency of the electromagnetic waves 
may be in the ultra low frequency range, or in the very 
low frequency range. 

[0026] The apparatus may include a housing and a 
mandrel having the features described above. The elec- 
tromagnetic transmitter may comprise a magnetically 
permeable core having primary and secondary wind- 
ings, as described above. 

[0027] According to another aspect of the invention 
there is provided a method of positioning a downhole 
tool in a wellbore comprising the steps of: disposing an 
electromagnetic transmitter in the wellborn; transmitting 
electromagnetic waves into the earth surrounding the 
wellbore: measuring the current draw by the electro- 
magnetic transmitter: determining the resistivity of the 
earth surrounding the wellbore based upon the current 
draw; and comparing the resistivity of the earth sur- 
rounding the wellbore with a resistivity log to determine 
the position of the downhole tool In the wellbore. 
[0028] In an embodiment, the step of disposing an 
electromagnetic transmitter in the wellbore further 
includes tripping the electromagnetic transmitter into 
the wellbore as a part of a pipe string. 
[0029] In an embodiment, the step of disposing an 
electromagnetic transmitter in the wellbore further 
includes running the electromagnetic transmitter in the 
wellbore on a wireline. 

[0030] In an embodiment the method further includes 
the steps of generating a cun^ent using a power supply 
and sending the current to the electromagnetic transmit- 
ter. 

[0031] In an embodiment, the step of transmitting 
electromagnetic waves into the earth further comprises 
transmitting the electromagnetic waves in the ultra low 
frequency range, or in the very low frequency range. 
[0032] In an embodiment tfie step of measuring the 
current draw by the electromagnetic ti-ansm'rtter further 
includes detecting the current draw with a current sens- 
ing device and sampling current draw in a sample and 
hold circuit. 

[0033] In an embodiment the method further includes 
the step of storing information relating to the cuaent 
draw in a memory device. 

[0034] In an embodiment tiie method further includes 
tiie step of propagating the electromagnetic waves car- 
rying information relating to the current draw to tiie sur- 
face. 

[0035] According to another aspect of tiie invention 
there is provided a method of generating a resistivity log 
for a wellbore comprising the steps of: tripping an elec- 
tromagnetic transmitter through at least a portion of the 
wellbore; transmitting electromagnetic waves into tiie 
earth surrounding tiie wellbore; measuring the current 
draw by tiie electromagnetic transmitter; and determin- 
ing the resistivity of the earth surrounding the wellbore 
based upon the current draw. 
[0036] In an embodiment, ttie step of tripping an elec- 
tromagnetic transmitter through at least a portion of the 
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wellbore further includes tripping the electromagnetic 
transmitter into the wellbore. 
[0037] In an embodiment, the step of tripping an elec- 
tromagnetic transmitter through at least a portion of tiie 
wellbore further includes tripping the electromagnetic s 
transmitter out of the wellbore. 
[0038] In an embodiment, the step of tripping an elec- 
tromagnetic transmitter through at least a portion of the 
wellbore further includes disposing the electromagnetic 
transmitter on a wireline. io 
[0039] In an embodiment, the method further includes 
the steps of generating a current using a power supply 
and sending the current to tiie electromagnetic transmit- 
ter. 

[0040] In an embodiment, the step of transmitting is 
electromagnetic waves Into the earth furtiier comprises 
transmitting the electromagnetic waves in the ultima low 
frequency range, or in the very low frequency range. 
[0041] In an embodiment, the step of measuring the 
current draw by the electromagnetic transmitter further 20. 
includes detecting the current draw with a current sens- 
ing device and sampling current draw in a sample and 
hold circuit. 

[0042] In an emt>odiment, the method further includes 
the step of storing information relating to the current 25 
draw in a memory device. 

[0043] In an embodiment, the method further includes 
the step of propagating tiie electromagnetic waves car- 
rying information relating to the current draw to the sur- 
face. 30 
[0044] Reference is now made to the accompanying 
drawings, in which: 

Figure 1 is a schematic illustration of an offshore oil 
or gas drilling platform utilizing an apparatus and 3S 
method according to the present invention to locate 
a desired zone for placement of a downhole tool; 
Figure 2 is a schematic illustration of an offshore oil 
or gas drilling platform utilizing an apparatus and 
method according to the present invention to adjust 40 
the location of a downhole tool after the location of 
the desired zone has been determined: 
Figures 3A and 3B are quarter sectional views of 
one embodiment of a telemetry tool according to 
the present invention: 4S 
Figure 4 is a schematic illustration of a toroid with 
primary and secondary windings for utilization with 
one embodiment of tiie present invention: 
Figure 5 is an exploded view of a toroid with primary 
and secondary windings for utilization as a trans- so 
mitter or receiver In connection with one embodi- 
ment of the present invention: 
Figure 6 is a perspective view of an emtxxliment of 
an annular carrier for a telemetry tool according to 
the present invention ; 55 
Figure 7 is a perspective view of an embodiment of 
an electronics package or member including a plu- 
rality of electronic devices incorporated therein for 



use in connection with the invention; 

Rgure 8 is a perspective view of an embodiment of 
a battery pack for powering the telemetry tool 
according to the present invention: and 
Rgure 9 is a block diagram schematically illustrat- 
ing signal processing in accordance with one 
embodiment of the method and apparatus accord- 
ing to tiie invention. 

[0045] While the making and using of various embod- 
iments of tiie present invention are discussed In detail 
below, it should be appreciated that the present inven- 
tion provides many applicable Inventive concepts which 
can be embodied in a wide variety of specific contexts. 
The specific embodiments discussed herein are merely 
illustrative of specific ways to mate and use tiie inven- 
tion, and do not delinrut tiie scope of the Invention. 
[0046] Referring to figure 1, an offshore oil and gas 
drilling apparatus is schematically illustrated and gener- 
ally designated 10. A semi-submergible platform 12 is 
centered over a submerged oil and gas formation 14 
located below sea floor 16. A subsea conduit 18 
extends from deck 20 of platform 12 to wellhead instal- 
lation 22 Including blowout preventers 24. Platform 12 
has hoisting apparatus 26 and a den-ick 28 for raising 
and lowering drill string 30 in wellbore 32. 
[0047] Wellbore 32 penetrates and passes tiirough a 
plurality of different strata or zones 38. During the com- 
pletion or operation of tiie well, a variety of downhole 
tools such as packer 34 and perforation gun 36 are 
placed downhole to perform various operations such as 
isolating portions of wellbore 32 or perforating tiie cas- 
ing 50 in order to produce from a selected zone. As will 
be appreciated by those skilled in the art. accurate 
placement of these tools is important to avoid multiple 
tool resets and/or multiple trips down the wellbore 32. 
[0048] Electromagnetic telemetry tool 40 of tiie 
present invention is positioned adjacent to a tool, such 
as a peribrating gun 36. in a first downhole location 15. 
Although the electromagnetic telemetry tool 40 is 
shown adjacent to tiie perforating gun 36, It will be 
appreciated by those skilled in the art tiiat telemetry tool 
40 may be positioned a known distance above or below 
perforating gun 36 along drill string 30. Telemetry tool 
40 is capable of transmitting multiple frequencies rang- 
ing between, for example 1 Hz (ULF) and 20 KHz (VLF). 
Telemetry tool 40 may be equipped to receive transmis- 
sions from a surface transmitter 29 for two way commu- 
nications between platform 12 and downhole locations 
as required. 

[0049] Generation of electromagnetic waves 42 Is 
enhanced by positioning telemetry tool 40 in an electri- 
cally isolated portion of the drill string 30 separated by a 
nonconductive gap 44 from tiie uphole portion of drill 
string 30. Telemetry tool 40 is powered by a battery 
pack which may include a plurality of batteries, such as 
nickel cadmium or lithium batteries, which are config- 
ured to provide proper operating voltage and current 
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[0050] ULF electromagnetic waves 42 generated by 
the telemetry tool 40 travel through the earth and are 
received by electromagnetic pickup device 60 located 
on sea fbor 16. Electromagnetic pickup device 60 may 
sense either the electric fieki or the magnetic fietel of 5 
electromagnetic wave fronts 42 using an electric field 
sensor 62 or a magnetic field sensor 64 or both. The 
electromagnetic pickup device 60 serves as a trans- 
ducer transforming electromagnetic wave fronts 42 into 
an electrical signal using a plurality of electronic 10 
devices. The electrical signal may be sent to the surface 
on wire 70 that is attached to buoy 72 and onto platform 
1 2 for processing. Upon reaching platform 1 2, the trans- 
mitted information, including the current draw from the 
prior transmission, is processed making any necessary 75 
adjustments, calculations and error corrections such 
that the information may be displayed in a usable format 
to determine the downhoie location of, for example, per- 
forating gun 36. Additionally, parameters such as pres- 
sure and temperature as well as a variety of other 20 
environmental information may be obtained by sensors 
(not shown) and transmitted via electromagnetic wave 
fronts 42 generated by telemetry tool 40. 

[0051 ] In some instances it may be desirable to place 
a tool at a depth such that signal strength of the electro- 25 
magnetic wave fronts 42 generated by telemetry tool 40 
is not sufficient for detection at tiie sea floor 1 6. In these 
instances, one or more repeaters 35 may be interposed 
along the drill string 30 and sea floor 16 to receive, 
amplify and retransmit the signals. Repeaters 35 may 30 
utilized electromagnetic waves, acoustical waves or 
both depending upon the depth of the wellbore 32 and 
the desired location and tiie particular strata through 
which wellbore 32 extends. 

[0052] Even tinough figure 1 depicts a single repeater 35 
35, it should be noted by one skilled in the art that the 
number of repeaters will be determined by the depth of 
wellbore 32, the noise level in wellbore 32 and the char- 
acteristics of the earth's strata adjacent to wellbore 32 in 
that electronfiagnetic waves suffer from attenuation with 40 
increasing distance from tiieir source at a rate tiiat is 
dependent upon the composition characteristics of the 
transmission medium and tiie frequency of transmis- 
sion. For example, repeaters 35 may be positioned 
between 3.000 and 5,000 feet apart (91 4 and 1 524 m). 4s 
Thus, if wellbore 32 is 15,000 feet (4572 m) deep, 
between two and four repeaters 35 would be desirable. 
Additionally, as will be appreciated by tiiose skilled in 
the art, telemetry tool 40 of the present invention may 
be incorporated as part of one or more of repeaters 35 so 
if desired. 

[0053] The current draw by telemetry tool 40 during 
the generation of electromagnetic wave fronts 42 may 
be stored and transmitted to the surface immediately or 
witii the next data transmission. The current draw is 55 
used to determine the resistivity of the medium at 15. 
The cun-ent draw information is transmitted to the sur- 
face for conrparison with prior resistivity log records to 



determine tiie location of the tool 36. Based upon the 
results of the comparison, perforating gun 36 may be 
repositioned in tiie desired location. 
[0054] Referring now to figure 2, perforating gun 36 
has been repositioned in zone 15 based upon tiie previ- 
ously obtained resistivity readings. To increase the pre- 
cision of tiie positioning of telemetry tool 40 and ttiereby 
perforating gun 36. telemetry tool 40 may generate VLF 
waves 46 at a frequency of. for example, 20 KHz. The 
resistivity information obtained using VLF waves 46 will 
be stored and may be transmitted to electromagnetic 
pickup device 60 using ULF electromagnetic wave 
fronts 42 as described witii reference to figure 1 . As pre- 
viously noted, electromagnetic pickup device 60 may 
sense either the electric field or the magnetic field of 
electronrtagnetic wave fronts 42 utilizing an electric field 
sensor 62 or a magnetic fieki sensor 64 or botii. The 
electromagnetic pickup device 60 converts electronnag- 
netic wave fronts 42 into electrical signals using a plural- 
ity of electronic devices. The electrical signal may be 
sent to tiie surface on wire 70 tiiat is attached to buoy 72 
and onto platform 12 for processing. Upon reaching 
platform 12, tiie transmitted information, including the 
current draw during the transmission of VLF waves 46. 
is processed making any necessary adjustments, calcu- 
lations and error corrections such tiiat the information 
may be displayed In a usable format to determine tiie 
location of perforating gun 36. 
[0055] Even though figures 1 and 2 have been 
described with reference to transmitting electromag- 
netic waves in the ULF range and the VLF range, it 
should be understood by one skilled in tiie art that 
telemetry tool 40 of the present invention is equally well- 
suited for transmitting electromagnetic waves in other 
frequency ranges including, but not limited to, the low 
frequency range. 30 KHz to 300 KHz, tiie medium fre- 
quency range. 300 KHz to 3 MHz and tiie high fre- 
quency range, 3 MHz to 30 MHz. Additionally, it should 
be noted that transmitting electromagnetic waves in 
such higher frequency ranges will yield greater preci- 
sion for downhoie positioning and greater sensitivity for 
a downhoie resistivity log. 

[0056] Representatively illustrated in figures 3A and 
3B is one embodiment of an electromagnetic telemetry 
tool 40 of tiie present invention. For convenience of 
illustration, figures 3A and 3B depict telemetry tool 40 In 
a quarter sectional view. Telemetry tool 40 has a box 
end 78 and a pin end 80 such tiiat telemetry tool 40 is 
tiireadably adaptable to drill string 30. In an embodi- 
ment, telemetry tool 40 has an external housing 82 and 
a mandrel 84 having a full bore enabling tiie circidation 
of fluids theretiirough. Housing 82 and mandrel 84 pro- 
tect tiie components of telemeta'y tool 40 from fluids dis- 
posed wittiin wellbore 22 and within drill string 30. 
[0057] Housing 82 of telemeti-y tool 40 includes an 
axially extending and generally tubular upper connecter 
86 including box end 78. Upper connecter 86 is nor- 
mally sealed and connected to drill string 30 for convey- 
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ance into weilbore 32 by means of a threaded 
connection. 

[0058] An axially extending generally tubular interme- 
diate housing member 88 is threadably and sealably 
connected to upper connecter 86. An axially extending s 
generally tubular lower housing member 90 Is threada- 
bly and sealably connected to Intermediate housing 
member 88. Upper connecter 86. intermediate housing 
member 88 and lower housing member 90 form upper 
subassembly 92. Upper subassembly 92. including io 
upper connecter 86, intermediate housing member 88 
and lower housing member 90. is electrically connected 
to the section of drill string 30 above telemetry tool 40. 
[0059] An axially extending generally tubular isolation 
subassembly 94 is secured and coupled in sealing reia- is 
tionship to lower housing member 90. Interposed 
between Isolation subassembly 94 and lower housing 
member 90 is a dielectric layer 96 that provides electric 
isolation between lower housing nfiember 90 and isola- 
tion subassembly 94. Dielectric layer 96 is composed of 20 
a dielectric material, such as teflon, chosen for its die- 
lectric properties and capably of withstanding compres- 
sion loads without extruding. 
[0060] An axially extending generally tubular lower 
connecter 98 is securably and sealably coupled to isola- 25 
tion subassembly 94. Disposed between lower con- 
necter 98 and isolation subassembly 94 is a dielectric 
layer 100 that electrically isolates lower connecter 98 
from Isolation subassembly 94. Lower connecter 98 is 
adapted to threadably and sealably connect to drill 30 
string 30 and is electrically connected to the portion of 
drill string 30 below telemetry tool 40. 
[0061 ] Isolation subassembly 94 provides a disconti- 
nuity in the electrical connection between lower con- 
necter 98 and upper subassembly 92 of telemetry tool 35 
40, thereby providing a discontinuity in the electrical 
connection between the portion of drill string 30 below 
telemetry tool 40 and the portion of drill string 30 above 
telemetry tool 40. 

[0062] It should be apparent to those skilled in the art 40 
that the use of directbnal terms such as above, below, 
upper, lower, upward, downward, etc. are used in rela- 
tion to the illustrative embodiments as they are depicted 
in the figures, the upward direction being toward the top 
of the con-esponding figure and the downward direction 4S 
being toward the bottom of the corresponding figure. It 
is to be understood that telemetry tool 40 may be oper- 
ated in vertical, horizontal, inverted or inclined orienta- 
tions without deviating from the principles of the present 
invention. so 
[0063] Mandrel 84 Includes axially extending gener- 
ally tubular upper mandrel section 102 and axially 
extending generally tubular lower mandrel section 104. 
Upper mandrel section 102 Is partially disposed and 
sealing configured within upper connecter 86. A dielec- ss 
trie member 1 06 electrically isolates upper mandrel sec- 
tion 102 from upper connecter 86. The external surface 
of upper mandrel section 102 has a dielectric layer dis- 



posed thereon. Dielectric layer 108 may be, for exam- 
ple, a teflon layer. Together, dielectric layer 108 and 
dielectric member 106 serve to electrically isolate upper 
connecter 86 from upper mandrel section 1 02. 

[0064] Between upper mandrel section 1 02 and lower 
mandrel section 104 is a dielectric member 110 tiiat, 
along with dielectric layer 108 serves to electrically iso- 
late upper mandrel section 102 from lower mandrel sec- 
tion 104. Between lower mandrel section 104 and lower 
housing member 90 is a dielectric member 1 12. On the 
external surface of lower mandrel section 104 is a die- 
lectric layer 114 which, along with dielectric member 
112 provide for electric isolation of lower mandrel sec- 
tion 104 from lower housing member 90. Dielectric layer 
114 also provides for electric isolation between lower 
mandrel section 104 and isolation subassembly 94 as 
well as between lower mandrel section 104 and lower 
connecter 98. Lxwer end 1 16 of lower mandrel section 
104 is disposed within lower connecter 98 and is in elec- 
trical communication with lower connecter 98. 
[0065] Intermediate housing member 88 of external 
housing 82 and upper mandrel section 102 of mandrel 
84 define annular area 1 18. An electronics package 122 
and a transmitter 124 are disposed within annular area 
1 18. In operation, a telemetry tool 40 will generate ULF 
electromagnetic wave fronts 42 as a course means for 
determining tiie location of telemetry tool 40 in weilbore 
30 as described with reference to figure 1. Information 
relating to tfie cun-ent draw of ULF electromagnetic 
wave fronts 42 Is sent to electronics package 122 via 
electrical conductor 128. ULF electromagnetic wave 
fronts 42 may also be used to generate an electromag- 
netic output signal tiiat carries the resistivity information 
as well as other information tiirough tiie earth that may 
be picked up by electromagnetic pickup device 60. 
Once telemetry tool 40 is generally positioned in the 
correct downhole location, telemetry tool 40 may gener- 
ate VLF electromagnetic waves 46 to more precisely 
determine downhole position. Information relating to the 
current draw within telemetry tool 40 is then sent to 
electronics package 122 via electrical conductor 128. 
This information may be forwarded to the surfece using 
ULF electromagnetic wave fronts 42 for transmission. 
Thus, telemetry tool 40 of the present invention may use 
ULF electromagnetic wave fronts 42 to determine 
course downhole position and to transmit information to 
the surface using a relatively small amount of power. 
Additionally, telemetry tool 40 of the present invention 
may determine precise downhole position using VLF 
waves 46. 

[0066] In addition to using telemetry tool 40 of tiie 
present invention to identify a specific downhole loca- 
tion In comparison to a resistivity log, downhole teleme- 
try tool 40 of the present Invention may be used to 
generate a resistivity log. In such a case, telemetry tool 
40 will operate as drill string 30 is tripped into or out of 
weilbore 32. The current draw information from trans- 
mitter 124 is fed to electronics package 122 via electri- 
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cal conductor 128. For logging, telemetry tool 40 may 
be operated at any suitable frequency, however, the use 
of a higher frequency in the VLF range, for example, will 
yield a resistivity log with greater sensitivity. 
[0067] Referring now to figure 4. a schematic illustra- s 
tion of a toroid suitable fa use In an embodiment of the 
invention is depicted and generally designated 180. 
Toroid 180 includes magnetically permeable annular 
core 182. a plurality of electrical conductor windings 184 
and a plurality of electrical conductor windings 186. io 
Windings 184 and windings 186 are each wrapped 
around annular core 182. Collectively, annular core 182, 
windings 184 and windings 186 serve to approximate 
an electrical transformer wherein either windings 1 84 or 
windings 186 may serve as the primary or the second- 75 
ary of the transformer. 

[0068] In an embodiment, the ratio of primary wind- 
ings to secondary windings is 2:1 . For example, the pri- 
mary windings may include 100 turns around annular 
core 182 while the secondary windings may include 50 20 
turns around annular core 182. In another embodiment, 
the ratio of secondary windings to primary windings is 
4:1. For example, primary windings may include 10 
turns around annular core 182 while secondary wind- 
ings may include 40 turns around annular core 182. It 25 
will be apparent to those skilled in the art that the ratio 
of primary windings to secondary windings as well as 
the specific number of turns around annular core 182 
will vary based upon factors such as the diameter and 
height of annular core 1 82, the desired voltage, current 30 
and frequency characteristics associated with the pri- 
mary windings and secondary windings and the desired 
magnetic flux density generated by the primary wind- 
ings and secondary windings. 

[0069] Toroid 1 80 of the present invention may serve 35 
as transmitter 124 of the telemetry tool 40 as described 
with reference to figure 3A. Windings 184 have a first 
end 188 and a second end 190. First end 188 of wind- 
ings 184 is electrically connected to electronics pack- 
age 122. Windings 184 serve as the primary wherein 40 
first end 188 of windings 184. receives an electrical sig- 
nal from electronics package 122 via electrical conduc- 
tor 128. Second end 190 of windings 184 is electrically 
connected to upper subassembly 92 of external housing 
82 which serves as a ground. 4S 
[0070] Windings 1 86 of toroid 1 80 have a first end 1 92 
and a second end 194. Rrst end 192 of windings 186 is 
electrically connected to upper subassembly 92 of 
external housing 82. Second end 194 of windings 1 86 is 
electrically connected to lower connecter 98 of external so 
housing 82. First end 192 of windings 186 is thereby 
separated from second end 192 of windings 186 by iso- 
lations subassembly 94 which prevents a short between 
first end 192 and second end 194 of windings 186. The 
current supplied from electronics package 122 feeds ss 
windings 184, the primary, such that a current is 
induced in windings 186, the secondary The current in 
windings 186 induces an axial current on drill string 30. 



thereby producing electromagnetic waves such as ULF 
waves 42 and VLF waves 46. 
[0071] Referring now to figure 5, an exploded view of 
a toroid assembly 226 is depicted. Toroid assembly 226 
may to serve as transmitter 124 of telemetry tool 40 of 
figure 3A. Toroid assembly 226 includes a magnetically 
permeable core 228. an upper winding cap 230. a lower 
winding cap 232, an upper protective plate 234 and a 
lower protective plate 236. Winding caps 230. 232 and 
protective plates 234, 235 are formed from a dielectric 
materia] such as fiberglass or phenolic. Windings 238 
are wrapped around core 228 and winding caps 230, 
232 by inserting windings 238 into a plurality of slots 
240 which, along with the dielectric material, prevent 
electrical shorts between the turns of winding 238. For 
illustrative purposes, only one set of winding, windings 
238. have been depicted. It will be apparent to those 
skilled in the art that, in operation, a primary and a sec- 
ondary set of windings will be utilized by toroid assem- 
bly 226. 

[0072] As should be apparent from figure 5, the 
number of magnetically permeable cores such as core 
228 may be varied, dependent upon the required length 
for the toroid. In addition, as will be known by those 
skilled in the art, the number of cores 228 will be 
dependent upon the diameter of the cores as well as the 
desired voltage, current and frequency carried by pri- 
mary windings 238 and secondary windings 240. 
[0073] Ref emng now to figures 6, 7 and 8. the compo- 
nents of electronics package 122 of the present inven- 
tion are illustrated. Electronics package 122 includes an 
annular carrier 196, an electronics member 198 and 
one or more battery packs 200. Annular carrier 196 is 
disposed between external housing 82 and mandrel 84. 
Annular carrier 1 96 includes a plurality of axial openings 
202 for receiving either electronics member 198 or bat- 
tery packs 200. 

[0074] Even though figure 6 depicts four axial open- 
ings 202. it should be understood by one skilled in the 
art that the nun^er of axial openings in annular earner 
196 may be varied. Specifically, the number of axial 
openings 202 will be dependent upon the number of 
battery packs 200 which will be required for a specific 
implementation of the telemetry tool 40 of the present ^ 
invention. 

[0075] Electronics member 1 98 is configured lor inser- 
tion into an axial opening 202 of annular carrier 196. 
Electronics member 198 receives current draw informa- 
tion from first end 188 of windings 184. Electronics 
mennber 198 includes a plurality of electronic devices 
such as a current sensor 204, a preanplrf ier 206, a filter 
208, a sample and hoki circuit 210. an analog to digital 
converter 212, a memory device 214 and an amplifier 
216. 

[0076] Battery packs 200 are sized for insertion into 
axial openings 202 of axial carrier 196. Battery packs 
200, which includes batteries such as nickel cadmium 
batteries or lithium batteries, are configured to provide 
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the proper operating voltage and current to the elec- 
tronic devices of electronics member 198 and to for 
exarrple toroid 180 of figure 4. 
[0077] Even though figures 6-8 have described elec- 
tronics paclcage 122 with reference to annular carrier s 
1 96, it will be appreciated that a variety of configurations 
ma/ be used for the construction of electronics package 
122. For example, electronics package 122 may be 
positioned concentrically within mandrel 84 using sev- 
eral stabilizers and having a narrow, elongated shape io 
such that a minimum resistance will be created by elec- 
tronics package 1 22 to the flow of fluids within drill string 4. 
30. 

[0078] Figure 9 is a block diagram schematically illus- 
trating one embodiment of tiie method utilized in the is 
practice of the present Invention and is generally desig- 
nated 300. Electromagnetic transmitter 302 is used to 
generate electromagnetic waves such as ULF electro- 
magnetic waves 42 and VLF electromagnetic waves 46. 5. 
The current drawn by electromagnetic transmitter 302 is 20 
fed back to a current sensor 304. An electrical signal 
from cuH'ent sensor 304 is then amplified in amplifier 
306 and filtered in filter 308 prior to ent^ing sample and 
hold circuit 310. Sample and hold circuit 310 monitors 
the current draw at predetermined intervals determined 25 
by precision clock 312. The information obtained in 
sample and hold circuit 310 is passed to analog to dig- 
ital converter 314 and into memory device 316 for stor- 
age. The current draw information may tiien be 
fonAsrded to amplifier 318 prior to transmission to the 30 
surface by electromagnetic transmitter 302. Method 300 
may operate on a continuous basis which would be suit- 6. 
able for a logging operation. Alternatively, method 300 
may be used as needed to determine the position of 
electromagnetic transmitter 302 witiiin wellbore 32. 35 
[0079] It will, therefore, be appreciated that tiie inven- 
tion described above may be modified. 

7. 

Claims 

40 

1. A downhole tool comprising: an electromagnetic 
transmitter (40) for transmitting electromagnetic 
waves (42, 46) into the earth; and a current sensing 
device (204) electrically connected to the electro- 8. 
magnetic transmitter (40) for detecting the cun-ent 45 
drawn by the electromagnetic transmitter (40) dur- 
ing transmission of the electromagnetic waves (42, 

46). 

2. A downhole tool according to daim 1 , furtiier com- so 
prising a sample and hold circuit (210) electrically 
connected to tiie cun-ent sensor (204) for sampling 

the current drawn by the electromagnetic transmit- 
ter (40) during transmission of the electromagnetic 9. 
waves (42, 46) ss 

3. An apparatus for obtaining resistivity readings of 
the earth surrounding a wellbore (32) comprising: 



an electromagnetic transmitter (40) for transmitting 
electromagnetic waves (42. 46) into tiie eartii; and 
an electronics package (122) electrically connected 
to tiie electromagnetic transmitter (40), the elec- 
tronics package (122) including a power source 
(200) providing a cun^ent to the electromagnetic 
transmitter and a current sensing device (204) 
detecting tiie current drawn by the electromagnetic 
transmitter (40) during transmission of tiie electi'O- 
magnetic waves (42, 46). 

Apparatus according to claim 3, wherein the elec- 
tronics package (122) further includes a sample 
and hold circuit (210) electrically connected to the 
current sensor (204) for sampling tiie current drawn 
by tiie electromagnetic transmitter (40) during 
transmission of tiie electromagnetic waves (42, 46). 

A method of positioning a downhole tool in a well- 
bore (32) comprising the steps of: disposing an 
electromagnetic transmitter (40) in tiie wellbore 
(32); transmitting electromagnetic waves (42, 46) 
into the earth surrounding tiie wellbore (32); meas- 
uring the current draw by the electromagnetic trans- 
mitter (40); determining the resistivity of the eartii 
surrounding tiie wellbore (32) based upon tiie cur- 
rent draw; and comparing the resistivity of tiie earth 
surrounding the wellbore (32) with a resistivity log 
to determine the position of the downhole tool in the 
wellbore (32). 

A method according to claim 5, wherein the step of 
disposing the electromagnetic transmitter (40) in 
tiie wellbore (32) further includes tripping the elec- 
tromagnetic transmitter (40) into the wellbore (32) 
as a part of a pipe string. 

A method according to claim 5, wherein the step of 
disposing the electromagnetic transmitter (40) in 
the wellbore (32) further includes running the elec- 
tromagnetic transmitter (40) in tiie wellbore (32) on 
a wireline. 

A method of generating a resistivity log for a well- 
bore (32) comprising the steps of: tripping an elec- 
tromagnetic transmitter (40) through at least a 
portion of tiie wellbore (32); transmitting electro- 
magnetic waves (42. 46) into the eartii sunoundlng 
the wellbore (32); measuring tiie current draw by 
tiie electromagnetic transmitter (40); and determin- 
ing the resistivity of the earth surrounding the well- 
bore (32) based upon tiie cun^ent draw. 

A method according to claim 8, wherein the step of 
tripping the electromagnetic transmitter (40) 
tiirough at least a portion of the wellbore (32) fur- 
ther includes tripping the electromagnetic transmit- 
ter (40) into the wellbore (32). 
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10. A method aocording to claim 9. wherein the step of 
tripping the electromagnetic transmitter (40) 
through at least a portion of the wellbore (32) fur- 
ther includes tripping the electromagnetic transmit- 
ter (40) out of the wellbore (32). 5 
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